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1 Background
Potential BCH enhancements were presented in [1] during RAN2#85. In this contribution possible BCH enhancements, that can help alleviate the additional BCH load that is added in REL-12 and later, are discussed. The possible BCH enhancements further evaluated in this contribution are:

· Deferred Measurement Control Reading (DMCR)
· Dedicated vs broadcast signalling
· Optimized SIB coding
· Scheduling overhead reduction
2 Discussion
2.1 Deferred Measurement Control Reading
The Deferred Measurement Control Reading (DMCR) feature was introduced in REL-7 as an optional UE feature to speed up call setup. When indicated by the NW in SIB3 (IE “Deferred measurement control reading support”) the UE may defer reading SIB11, SIB11bis, SIB12, SIB18 and SIB19 before transmitting an RRC message on RACH (see section 8.1.1.1.2 for further details). The UE indicates when it has applied deferred measurement control reading in uplink signaling by means of IE "Deferred measurement control reading", enabling the NW to configure measurement control by means of dedicated signaling. 

The SIBs under DMCR control are typically broadcasted with long repetition intervals (e.g. 1.28 sec). Furthermore when SIBs are large and consist of multiple segments (e.g. SIB11/11bis) the reception of the complete SIB may be delayed another repetition period when a single SIB segment is not received correctly.
A UE supporting CS fallback (i.e. LTE) typically supports DMCR to expedite the fallback (TS 23.272). However a REL-12 UE may not support DMCR. In case the NW can assume that most UEs support DMCR then the negative effect of longer repetition intervals for SIBs falling under DMCR control is reduced:  
Proposal 1: A REL-12 UE shall support Deferred Measurement Control Reading (DMCR)
Furthermore when more SIBs are under DMCR control this would allow the NW to configure more SIBs with a long repetition interval, without experiencing the negative effect of this. Potential candidate for DMCR are SIB15 (UE-based or UE-assisted positioning methods) and SIBs introduced in REL-12 and later:

Proposal 2: RAN2 to discuss if more SIBs can be put under DMCR control. 
2.2 Dedicated vs broadcast

When new features are introduced and new signalling is needed, it is typically discussed whether this new signalling information should be included in system information or dedicated signalling (or both). 
Information that is access related (blocking info, uplink configuration info, etc) needs to go in system information as the UE cannot be reached with dedicated signalling. Information that is common to all UEs, or that is cell specific is also typically broadcasted in system information. Cell specific information cannot be send in dedicated signalling in URA_PCH. Information that is UE specific, or that may not be needed by the UE (i.e. optional) typically goes into dedicated signalling. Information that is dynamically changing (e.g. SIB7 UL interference) is better broadcasted in system information, than signalled in dedicated signalling. 
The signalling that should go into system information or dedicated signalling may not always be obvious, and it is probably good advice to continue careful evaluation which information needs to go into system information from REL-12 onwards. It is expected that this discussion will happen on a feature by feature basis, and that no general conclusions can be reached at forehand. 
Proposal 3: Discuss on a feature basis if signalling is needed in system information or dedicated signalling (or both).

2.3 Optimized SIB encoding

In case new information needs to be added to system information, it is good to consider the need for the added "broadcast options". Perhaps some broadcast options are less likely than others, and some "corner case configurations" may not be needed. Furthermore the use of optimized SIB encoding is encouraged to reduce the increased BCH load. 
For example during the BCH study item phase, it has been clear that large lists containing large identifiers (such as neighbour cell information, or EUL resource configuration) can have a relatively large impact on the BCH load. Perhaps the previous observation is obvious and expected, but in case we need to add lists of information, it would be good to spend time on optimized encoding for those list-elements as they potentially add a lot of additional load. In such cases optimizations that could be considered are:

· Use of MD values

· Use of pointers to already broadcasted values instead of broadcasting the value again

· Use of value ranges, instead of list of individual values

· Broadcast of "minimum set" with possibility to configure "extended set" with dedicated signalling
· In case the information to be broadcasted contains redundancy the information could potentially be compressed

At the bottomline the above exercise entails carefully scrutinizing what information needs to be broadcasted, and to broadcast information without redundancy. 

For SIBs and IEs that are added to REL-12 and later the above consideration should be applied. 
Proposal 4: Consider optimized encoding for new SIBs and IEs added to system information in REL-12 and onwards. 
2.4 Scheduling overhead reduction

In the study item phase (TR 25.704) it was observed that the scheduling information contained in MIB and/or scheduling blocks have a relatively high impact on the BCH load. This is because the information is frequently broadcasted, and it involves a (relatively) large number of bits. The scheduling information per SIB type includes:

Scheduling info:

SEG_COUNT (4 bits)
: only needed when SIB is segmented into multiple segments (default 1) 

SIB_REP (4 bits)
: mandatory for each SIB

SIB_POS (11 bits)
: only for first segment

SIB_OFF (4 bits)
: only for subsequent segments (if SIB is segmented)

Furthermore there are four segment types (first, subsequent, last or complete segment). Each segment contains the SIB type. A first segment contains a SEG_COUNT. A subsequent and last segment contains a Segment Index (4 bits). 

Especially the scheduling information for large SIBs that need to be segmented into multiple segments introduces some scheduling overhead (SEG_COUNT, SIB_OFF). However the segment offset (SIB_OFF) information is needed to retain scheduling flexibility for the network, and to allow power efficient system information reading in the UE. However the SEG_COUNT in the scheduling info seems to be redundant, as this information is implicitly included when the scheduling information of the subsequent segments (SIB_POS offset info) is included (i.e. SEG_COUNT = #SIB_OFF + 1). Therefore it is proposed to make SEG_COUNT conditionally present in the scheduling information for REL-12 system information:

Proposal 5: The SEG_COUNT is not needed when "SIB_POS offset info" is included for REL-12 system information.

For the legacy BCH the UE is required to receive all segments of a SIB consecutive in good order to receive the complete SIB (see section 8.1.1.1.4 in TS 25.331). This may pose problems for the UE to receive large SIBs consisting of many segments in case there are reception failures. It is proposed to relax this restriction, and allow the UE to store segments it has received successfully to receive the complete SIB in the next repetition period:

Proposal 6: The UE is allowed to re-use received segments of a SIB in the next repetition period when the UE did not receive a system information change (or the timer for that SIB did not expire in case of timer based SIB).

3 Summary

RAN2 is kindly asked to discuss potential BCH enhancements:
Proposal 1: A REL-12 UE shall support Deferred Measurement Control Reading (DMCR)

Proposal 2: RAN2 to discuss of more SIBs can be put under DMCR control. 
Proposal 3: Discuss on a feature basis if signalling is needed in system information or dedicated signalling (or both).

Proposal 4: Consider optimized encoding for new SIBs and IEs added to system information in REL-12 and onwards. 
Proposal 5: The SEG_COUNT is not needed when "SIB_POS offset info" is included for REL-12 system information.

Proposal 6: The UE is allowed to re-use received segments of a SIB in the next repetition period when the UE did not receive a system information change (or the timer for that SIB did not expire in case of timer based SIB).
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